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Editors 
Note 


On January 23, 2015, the KAUST commu- 
nity was deeply saddened to hear of the 
passing of our king and founder, King Ab- 
dullah Bin Abdulaziz Al Saud. As a tribute 
to our visionary founder, this issue of The 
Beacon features quotes and images of 
King Abdullah on page 8 and 9g as wellas 
a special poster insert. 


The poster artwork is by Adel Alrefaie, a 
translator In the KAUST Communications 
Department. Alrefaie's artwork was in- 
spired by King Abdullah's vision for KAUST 
and was showcased in the 2014 Artists of 
KAUST exhibition. 


King Abdullah will be remembered with 
deep affection, loyalty and profound re- 
spect as we continue working together to 
contribute to his enduring legacy. 


We wish the Custodian of the Two Holy 
Mosques King Salman bin Abdulaziz Al 
Saud and his Crown Prince Muarin bin 
Abdulaziz Al Saud prosperity for the 
Kingdom. e 
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AMPMC/KAUST 
Research Conference 


In brief 


KAUST and the U.S. National Science 
Foundation (NSF) jointly organized the 
KAUST-NSF Conference on Electronic 
Materials, Devices and Systems fora 
Sustainable Future from February 14 to 16 
at KAUST. The goal of the conference was 
to assemble the global scientific community 
on acommon platform to raise discussion 
on progress and opportunities in scientific 
and engineering research on electronic 
materials, devices and systems that will 
helo make our future sustainable. The 
conference gathered the world's leading 
researchers and creative young scholars 
from academia and industry to exchange 
ideas and to promote a collaborative 
framework for fundamental and applied 
research in the area of electronic devices, 
materials and systems focusing ona 
sustainable future. The workshop included a 
poster session and a Women in Science and 
Engineering session on February 16. 


KAUST Discovery, a new section of the 
KAUST website dedicated to highlighting 
our research news, was launched with a 
kickoff reception on February 16. This part 
of the website showcases our scientists and 
entrepreneurs and their publications and 
innovations being developed on campus. 


As part of the kickoff reception, a panel 
entitled Why Science Communication 
Matters was held with Vice President for 
Academic Affairs James Calvin, Biological and 
Environmental Science and Engineering Dean 
Pierre Magistretti and Assistant Professor of 
Electrical Engineering Atif Shamim. 


From February 23 to 25, the Advanced 
Membranes and Porous Materials 

Center (AMPMC) will hold an AMPMC/ 
KAUST Research Conference on recent 
developments in advanced membranes 
and porous materials for energy, 
environment and water applications. Topics 
will include energy-enhanced output, clean 
environment, novel functional materials 
and more. 


The Second International Spin-Orbit Torque 
(SOIT) Workshop will be held from February 





26 to 28. The workshop will address the 
physics of spin-orbit coupled systems and 
the art of manipulating charge currents and 
spin directions utilizing spin-orbit coupling. At 
the first edition of the SOIT workshop hosted 
at KAUST in 2013, the objective was to build 
a common scientific culture around this 
topic. For this year, the scope was broadened 
towards topics adjacent to spin-orbit torques, 
including spin-caloritronics, skyrmions and 
topological insulators. 


The event will include 26 invited oral 
sessions, three tutorials, three poster 
sessions and three discussion sessions. The 
workshop objectives include promoting 
intense discussions among the participants, 
facilitating the emergence of a common 
understanding of the physics at stake 

and fostering new collaborative ideas. For 
details, visit spintronics.kaust.edu.sa 


The sixth annual KICP (KAUST Industry 
Collaboration Program) Career Day is 
scheduled for Thursday, March 12, with 
activities beginning on Wednesday, March 
11. Several national and international 
companies will be meeting current 
students and graduates to discuss 
internship and full-time employment 
opportunities. Activities will include 
company presentations and meet-and- 
greet networking opportunities for KAUST 
students and graduates to discuss Summer 
2015 internship options and full-time 
employment opportunities. 


As part of the next step in the KAUST 
sustainability drive, Facilities & Community 
will begin the replacement of all 
incandescent light bulbs across the KAUST 
community with energy-efficient LED light 
bulbs. The aim of the program is to replace 
energy-hungry bulbs with the most efficient 
bulbs on the market, reducing household 
electricity consumption related to lighting by 
75% and associated greenhouse emissions 
by 10%. The replacement process will take 
approximately four months. The final stage of 
the replacement program will be the phasing 
out of halogen bulbs at the end of 2015. 


wis 


Patzek appointed 
director of UPEC 


On December 29, 2014, KAUST President 
Jean-Lou Chameau appointed Professor Ta- 
deusz W. Patzek as director of the Upstream 
Petroleum Engineering Center (UPEC). Patzek 
is arenowned scientist and engineer in the 
field of hydrocarbon recovery from difficult 
conventional and unconventional reservoirs. 


Patzek sees a bright future for UPEC, which 
is currently in its design stages. “Crude oil 
and natural gas are the very foundation of 
the Kingdom of Saudi Arabia. Challenging 
research on increasing ultimate oil recovery 
to 70% of the oil in place and on unlocking 
unconventional gas resources will have a di- 
rect impact on the future of the Kingdom and 
KAUST,” he said. 


He added that “UPEC will benefit from the 
future hires, intense interactions with sev- 
eral other KAUST Centers and Programs 

and close collaboration with Saudi Aramco. 
Together we will create the world-class pow- 
erhouse in the complex science and engi- 
neering required to invent and implement the 
novel methods of hydrocarbon recovery. We 
will also educate world-class specialists who 
will carry on the research and implement it in 
the Kingdom and elsewhere.” e 


Cover: A rendering of the atomic model of organolead 
trinalide perovskite crystals relating to Omsan Bakr's 
recent paper in Science. Image by Heno Hwang and 
Ivan Gromicho. 


1. Dr. Kim Choon Ng, visiting professor at KAUST's 
Water Desalination and Reuse Center (WDRC). 


2. The winning photograph of the NIST and Lab ona 
Chip 2014 Art in Science Competition. Photo by David 
Castro and David Conchouso. 





Accolades 


Desalination project 
wins Global Innovation 
Challenge at Saudi Water 
and Power Forum 


Dr. Kim Choon Ng, a visiting professor at KAUST’s Water De- 
salination and Reuse Center (W/DRC), was named a winner In 
this years Global Technology Challenge at the Saudi Water and 

Power Forum (SWPF) held in January 2015 for his project on “Hybrid 

Multi-Effect Adsorption Desalination: An Emerging High Efficiency and Low Cost De- 
salination.’ 





The challenge was launched by Aramco Entrepreneurship and GE ecomagination and 
the winners were announced at the opening of the SWPF. The competition was devel- 
oped in partnership with GE as a way to promote a culture of technology-based entre- 
preneurship and venturing in the Kingdom. Because Saudi Arabia is expected to invest 
heavily in seawater desalination technologies and solar energy in the coming decades, 
the focus of the competition was on seawater desalination using renewable energy. e 





KAUST scientists win Art in Sclence 
ohotography competition 


A photograph of the work done by researchers in KAUST's Electromechanical Microsys- 
tems and Polymer Integration Research Lab (EMPIRe), which is led by Assistant Professor 
of Electrical Engineering lan Foulds and Is part of the Computer, Electrical and Mathe- 
matical Science and Engineering (CEMSE) Division, won the “Under the Looking Glass: 
Art from the World of Small Science’ 2014 Art in Science photography competition at the 
18th International Conference on Miniaturized Systems for Chemistry and Life Sciences 
(MicroTAS 2014). The award was sponsored by the U.S. National Institute of Standards and 
Technology and the prestigious journal Lab on a Chip. 


The paper that included the winning photo was entitled “Real-time agglutination within a 
microdroplet in a three phase fluidic well for detection of biomarkers’ and was written by 
Dr. Shilpa Sivashankar, KAUST Ph.D. student David Castro, KAUST Research Scientist Ulrich 
Buttner and Prof. Foulds. It was accepted to MicroTAS 2014. 


The winning photograph was taken Castro and fellow KAUST Ph.D. student David Con- 
chouso at CEMSE's Microfluidics Lab, which is led and managed by Buttner. The journal 
Lab ona Chip will feature the photo on a future cover. The photo was selected on the 
basis of aesthetic eye appeal, artistic allure and scientific merit. 


The photograph is the top view of a rotating 40uL aqueous droplet suspended at the inter- 
face between two fluids inside a square cuvette. The droplet contains an assay of func- 
tionalized latex beads agglutinating In the presence of human C-reactive protein. e 
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Remarkable 
ohotovoltaic material 
featured in Science 


By Caitlin Clark 


Osman Bakr, assistant professor of material sclence and 
engineering, led a team of researchers from KAUST's Solar 
and Photovoltaics Engineering Research Center (SPERC) 
and the University of Toronto in developing a novel ap- 
proach to growing a type of single crystal hybrid organ- 
ic-inorganic perovskite at room temperature. The research- 
ers work helped them further understand the material's 
remarkable photovoltaic properties and was recently 
published in the prestigious journal Science (DOI: 10.11267 
SCIENCe.aaa2725). 


Natural perovskite is a mineral with the chemical formula 
CaliO3. Synthetic perovskites, which are promising com- 
pounds for use in photovoltaic technologies, take their 
name from the fact that they have the same crystalline 
Structure as the original mineral. The efficiency - or the 
amount of sunlight converted into electricity in solar cells 
based on these materials — has Jumped from 2% to 20% 
over the past five years. 





66 Our goal as a research team was 

to understand the real properties of this 
material by making It in the most purified 
and perfect form possible, and that was as 
Single crystals.” Osman Bakr 


“That is a huge Jump if you consider the history of pho- 
tovoltaics,’ Bakr said. He noted that It took researchers 
working with silicon, a material commonly used in photo- 
voltaics, around 30 years to reach 20% efficiency. 


Bakr and the team examined organolead trihalide 
MAPbX3 perovskites, a material that “seemed magical 

in some way, he explained. Solar cells made using this 
material have reached 20.1% certified power conversion 
efficiencies, but it has been difficult for scientists to discov- 
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er the material's fundamental properties and performance 
limits, and thus understand its true photovoltaic potential. 


“The form of the material used in photovoltaics has a lot 
of disorder, and there are differences in the structure that 
have made it difhcult to determine the actual properties 
of the material,” said Bakr. “Our goal as a research team 
was to understand the real properties of this material by 
making it in the most purified and perfect form possible, 
and that was as single crystals.” 


The researchers had to synthesize their crystals in a large 
enough quantity and of a big enough size to make them of 
practical use. To do this, they developed a method called 
antisolvent vapor-assisted crystallization (AVC), and used 
a different solvent and antisolvent than those commonly 
employed in the process. This allowed for the growth of 
high-quality and large-sized crack-free MAPbX3 crystals 
at room temperature. 


The volumes of their single grown crystals exceeded 100 


mms, and the crystals had “amazingly high quality,” Bakr noted, 
as measured by a property called the crystals’ trap-state densi- 
ty, which was exceptionally low at approximately 109 - 107° cm. 


“This density is a million times lower than the density previously 
reported in perovskite materials, and is comparable with trap- 
state density in the highest photovoltaic-quality single crystal 
silicon, which is grown at very high temperatures,” he explained. 


The crystals also had charge carrier diffusion lengths exceeding 
10 um, “another property explaining their amazing performance 
in solar cells,” Bakr said. “The charge carrier diffusion length 

is orders of magnitude longer than previously reported in thin 
films, and confirms a practical strategy for further efficient device 
engineering by improving the crystallinity of perovskite thin films 
used in thin film-based photovoltaic technology.” 


Bakr and the team believe their work has many implications for 
current and future photovoltaic and other technologies. 


“Improving the purity of the material opens up new avenues 

to use it in a wider range of semiconductor and optoelectron- 

ic devices,’ Bakr said. “We can now start to consider its use in 
applications that require extremely high purity, high quality and 
high crystallinity semiconductors. Our work also shows that per- 
ovskites have immense and yet largely untapped potential for 
use in related applications, such as lasers, photodetectors and 
light-emitting diodes.” e 





1. Osman Bakr (right) with Omar F. Mohammed, a co-author on the 
recent paper featured in the journal Science 


2.Arendering of the atomic model of organolead trihalide 
perovskite crystals relating to Omsan Bakr's recent paper in 
Science. Image by Heno Hwang and Ivan Gromicho. 
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Desert provides 
an oasis for 
drought research 


By Michelle Ponto 








Dr. Liming Xiong, associate professor in KAUST's Biological 
and Environmental Science and Engineering Division, studies 
how plants grow under drought conditions. He has been with 
KAUST since 2009 and seeks to answer three interrelated 
questions: How do plants reduce their water consumption? 
How do plants increase their uptake of water? And how do 
plants survive under stress? 


We spoke to Xiong about what he calls his “whole plant” ap- 
proach to learn more about how hess looking for an integrated 
solution to improve plant drought tolerance. 


What is the most compelling or significant 
aspect of your research? 


Plants can encounter many different kinds of stress, Such as 
extreme temperatures, high soil salinity and drought. These 
stresses may occur at the same time and plants may employ 
similar mechanisms to deal with these different stresses. At 
KAUST, we are particularly interested in looking at how plants 
respond to drought and their drought tolerance mechanisms. 
This research Is important, as drought stress is widespread 
and can seriously reduce crop yield. It’s a challenging Issue for 
the scientific community. 


There are several strategies that plants take to adapt to limit- 
ed water conditions. The first strategy plants use is to reduce 
their water consumption. This is mainly accomplished by min- 
Imizing transpiration through the leaves. The second strategy 
is to increase the take-up of water, mainly by growing longer 
roots that can reach deeper to where the water is. Because 
stress will lead to the accumulation of harmful compounds 
such as reactive oxygen species within the cells, plants will 
need to handle these harmful compounds. The strategy plants 
use Is to activate the expression of many stress-responsive 
genes whose products directly or indirectly mitigate stress-in- 
duced damages. 


To reveal the mechanisms of plant drought tolerance, we are 
conducting research in all of the above-mentioned areas with 
the aim to identify major genes that control water uptake, 
water loss and cellular detoxification. We believe this whole- 
plant, integrative approach will allow us to uncover the major 
mechanisms of plant drought tolerance. 


Why is your research important to the King- 
dom of Saudi Arabia? 


The biggest issue for agriculture here in Saudi Arabia is the 
lack of water. It's thus important for us to find ways to develop 
plants that can use water more efficiently (consume less water 
per unit of produce) or can be irrigated with brackish water. 
Knowing the molecular mechanisms and genetic basis of 
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plant drought and salt tolerance will greatly help the breeding 
or bioengineering of the stress-tolerant crop plants potentially 
Suitable for conditions in the Kingdom. 


What will be the next step in your re- 
search? 


Earlier | described the three-strategies plants use to adapt to 
drought stress. What we have been doing is looking for the 
genes that control each of these adaptive processes. We have 
now found a number of genes, and our next step is to under- 
Stand how these genes work in regards to water loss, water 
uptake and stress tolerance. In the meantime, we are confirm- 
ing in the lab that those genes are really important and play a 
major part in each of the processes. The work was large-scale 
relative to the small size of our lab and could not have been 
done anywhere but here in the Kingdom at KAUST. 


Once we have the important genes and understand how they 
work, it will be relatively easy to breed and genetically engi- 
neer stress-tolerant crop plants. The technology is already 
there and we'll use it to do what we call “proof of concept” 
experiments in the lab. If that is successful then we can move 
to the next step. But right now, we need to do a lot of prelim- 
inary research. It could be many years of research before we 
could use the knowledge to enhance drought tolerance of 
crop plants. e 
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1. Liming Xiong next to one of the humidity-controlled 
environments where he grows his plant specimens. Photo by 
Nicholas Demille. 


2&3. Liming Xiong is looking for an integrated solution to 
improve plant drought tolerance. Photo by Linda Polik. 
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Tribute to our beloved founder 
King Abdullah Bin Abdulaziz Al Saud 
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Ascending to the throne in 2005, King Abdullah Bin Abdulaziz Al Saud made great strides in 

leading the nation to a position of prominence and global stature. A remarkable ruler, King “Wishing to rekindle and Spread the 
Abdullah committed himself to the development of the Saudi people to ensure the country's ; ; 

bright future, especially in the area of education. a and ital arya 
As a capstone to a larger education strategy, King Abdullah established and opened KAUST in a as vita . pp reve al an al 
2009. The University's founding was the realization of his long-held dream to create a leading worlds in earlier times, | am establish- 
research university in the tradition of the intellectual center of the Islamic Golden Age, Bayt INg King Abdullah University Or SCi- 


pA O) ENS OPEN cm ence and Technology on the Red Sea 
in the Kingdom of Saudi Arabia.’ 





For those of us who study, work and live at KAUST, King Abdullah is more than an exceptional 
ruler and visionary. He is our founder and an inspiration, a beloved father. 


We came from different corners of the world to converge on the Red Sea, drawn here by King 
Abdullah's bold and noble vision. As part of his university and realized dream, we have the hon- 
or and privilege of carrying his name. 


King Abdullah will be remembered not only with deep affection and loyalty, but also with pro- 
found respect as we continue to contribute to his enduring legacy. 
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"AS a new House of Wisdom, the University shall be a bea- 
con for peace, hope, and reconciliation and shall serve the 
people of the Kingdom and benefit all the peoples of the 
world... 


Gig (aga! ApS! allo] cubuwd0 yo daalg Gayaall aoolall aaa ani yl Ue! (niilg ” 
uglaillg 25)Lixoll joi Glg apyaig Guidillg Quwaigallg clololl yo Quaimoll Jal alsi 
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‘It is my desire that this new University become one of the 
world's great institutions of research; that it educate and 
train future generations of scientists, engineers and tech- 
nologists; and that it foster, on the basis of merit and excel- 
lence, collaboration and cooperation with other great re- 
search universities and the private sector.’ 


Nabateans come to 
life for WEP 2015 


By Meres J. Weche 





Dr. Laila Nehme, a French archaeologist and epigraphist, visit- 
ed KAUST as part of the annual Winter Enrichment Program 
(\W/EP) to share her passion for Mada’in Saleh and its history. 

A senior research fellow at the French National Centre for 
Scientific Research (CNRS) in Paris, she has been conducting 
archaeological research in Saudi Arabia since 2002. 


Five hundred kilometers to the south of Petra, Mada’in Saleh 
features over 100 magnificent and remarkably preserved 
rock-cut Nabatean tombs. Also known as Al-Hijr, or by the 
ancient name Hegra, the pre-Islamic archaeological site Is 
located 300 kilometers northwest of Madinah and 20 kilom- 
eters north of Al-Ula. 


In 2008, UNESCO added Madain Saleh to its World Heritage 
List—the first such distinction for a site in Saudi Arabia. 


Since 2008, Nehme has been co-director of the Sau- 
di-French Archaeological Project. She specializes in Naba- 
tean epigraphy, but also studies the daily life of the ancient 
Nabateans through personal and funeral item remains such 
as pottery, linen, Jewelry and more unearthed in residential 
settlements and tombs. ee 





Working under the aegis of the Saudi Commission for 
Tourism and Antiquities and the French Ministry for Foreign 
Affairs, her team is now at the beginning of a third four-year — This ancient aromatics trade route, on which Al-Hijr was a 
program. In addition to her University of Paris and University | Major meeting point, ran from the Arabian Peninsula and 
of Sorbonne colleagues from her native France, Nehme's stretched towards the Mediterranean world (Greece and 
team is comprised of about 20 people speaking various Rome) and Asia. 

languages and representing a mix of nationalities including 


eae } } The influence of Nabatean kingdom can be seen today in 
Saudi, Swiss, Polish and Belgian. 


the formation of the modern Arabic script. “It is now certain 


‘| must say that one of the small pleasures | have is when that the Arabic script developed from Nabatean and this 
we have dinner at the museum in Al-Ula in the evening development took place most certainly in the northwestern 
and, from one end of the table to the other! can hear Swiss part of modern Saudi Arabia in the Hejaz between the third 
German, Polish, then English and then Arabic. Almost all and the fifth century,” said Nehme. e 


members of the team speak two or three of these languag- 
es,’ said Nehme. 


Based on the accounts of the Greek historian Diodorus of 

Sicily, we know the Nabateans appeared in history before 

the end of the third century BCE. Diodorus described them 

as nomadic rich Arab tribes whose wealth came from their 

involvement in the long-distance trade of incense and aro- 

matics mainly produced in the Yemeni region. 

1. Mada’in Saleh tomb from the Nabatean era. Photo by Amaria Rebiai. 


“Their knowledge of the location of the routes and of the . 
2. Dr. Laila Nehme speaks at WEP 2015. 


places where water could be found allowed them to control 


progressively the trans-Arabian trade route.” said Nehme 3. Guillaume Nery is able to dive to a depth of 125 meters and hold his 


breath for up to seven minutes using only a wetsuit and a monofin. Photo 
Evidently, with such an advantage also came a monopoly courtesy of Guillaume Nery. 

on the transport of these goods. This essentially meant the 

Nabateans were able to quickly accumulate wealth by levy- 

ing taxes along the international caravan trade route during 

late antiquity. 
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‘| was with a friend and we were 
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breath the longest. | lost. And because 
| lost | decided to train at home In my 
bedroom, Nery recalled. 
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this entire article 
By Meres J. Weche 


“You Just have to know that in the 1950s doctors and scientists pre- 
olfoit=roRdat=\comcclswcMlaalimce)miualcmalvlaalclamolece\mlamialom\y (clk lavaelsl@lials 

ona single breath. And this limit, as the doctors were saying, Was 

50 meters,” French free diving champion Guillaume Nery told the 
audience at his Winter Enrichment Program (WEP) keynote address 
at KAUST. Fast-forward to today and Nery, who beat the world record 
three times in his career, is able to dive to a depth of 125 meters while 
holding his breath for up to seven minutes and forty-two seconds. 


The 32-year-old freediver recounted how he discovered his calling 

in a school bus back when he was around 15 years old. ‘| was with a 
friend and we were playing a game to see who could hold his breath 
the longest. | lost. And because | lost | decided to train at home in my 
bedroom,’ Nery recalled. Before long, he was able to hold his breath 
from four to five minutes. Five years later at 20 years old, he estab- 
lished his first world record by diving down to a distance of 87 meters. 
He became world champion in 2011 and achieved his deepest dive of 
125 meters in Greece In 2013. 


So what is freediving? A fast growing sport, freediving Is trying to hold 
your breath for as long as possible. It's also a regulated sport through 
INI DYN Taltclaatela(e)alcl me late mismexe)aa] ©)disiore om oleliaesior-l-|a\em e1ele)mel|sel] 0) ll alors 


As Nery acknowledges, other divers, such as Static Apnea divers 
within the pool disciplines, are able to hold their breath under water 
for much longer than he can. Static Apnea, another discipline, meas- 
ures the longest distance a swimmer can go Ina pool ona single 
o)erela ke) mel |e =1UImN I>] Ava ato\Sme (el laloromalismale)Ke)a(-) Nyame) mellUlalemialconialc 
depth of the ocean unaided through both the descent and ascent 
lalous\dlaalanliale mere. Uamelsi ae melal\varcM\/{-iks16l|mre ale mW aae)alevilar 


mismo tell amacellallalema=re]laalcraMlaleuele(qomveleleielaemelcorcluallalen= (cicesoculal 
fo) cella lon ale\Viomanlc).(anlelaamile> do)lAValamsalsmela(cocim-lalemlamuarcmel(-lo)alc\elaar 
Nery also does a lot of muscle training to gain the necessary power 
and efficiency for freediving. e 
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New faces on campus 


By Nicholas Demille 


Susana Agusti 


Susana Agusti is a biological oceanographer 
whose research focuses on the ecology of pho- 
tosynthetic plankton and the metabolic balance 
of the oceans. She has conducted research in 
the Arctic, Atlantic, Pacific, Indian and Southern 
Oceans, and currently studies the Red Sea. 


Her present goals focus on evaluating the im- 
pact of global change in the oceans. She aims to 
test the vulnerability of planktonic communities 
to warming, as well as their vulnerability to other 
stressors associated to global change, including 
increased UVB radiation, persistent pollutants 
and ocean acidification. She also examines as- 
pects related to this area, such as stressors joint 
effects and the adaptation of Red Sea organisms 
to global change. 


Carlos Duarte 


Carlos Duarte obtained his bachelor’s degree in 
biology from Spain, and later received a Ph.D. 
from McGill University in Canada. His research 
focuses on understanding the impacts of global 
change in marine ecosystems and encompass- 
es all components of these ecosystems from 
microbes to megafauna. He has worked across 
all of the world's oceans. 


From 2007 - 2010, Duarte served as president of 
the American Society of Limnology and Ocean- 
ography. In 2009, he was appointed as a mem- 
ber of the Scientific Council of the European 
Research Council (ERC), a prestigious honor. He 
has published more than 500 scientific papers 
and is the author of two books. 


At KAUST, Duarte is professor in the Biological 
Science and Engineering Division, and is also the 
Tarek Ahmed Juffali Chair in Marine Ecology. 


Himanshu Mishra 


Dr. Himanshu Mishra is an assistant professor 

in the Environmental Science and Engineering 
program and a principal investigator in the Water 
Desalination and Reuse Center. Prior to joining 
KAUST, he was an Elings Prize postdoctoral 
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fellow at the California NanoSystems Institute at 
the University of California, Santa Barbara. 


Professor Mishra’s research group investigates 
chemistries and physics at the interface of water 
with solids, liquids and gases. By employing 
surface-specific tools, such as the surface forces 
apparatus, contact angle cells, tribometers and 
mass spectrometry of interfacial layers, they 
quantify intermolecular forces and rates of inter- 
facial reactions. Applications of their work include 
water desalination and enhanced oil recovery. 


Tadeusz Patzek 


Tadeusz Patzek joined KAUST in December 2014 
as a professor of chemical and petroleum en- 
gineering, and is also director of the Upstream 
Petroleum Engineering Research Center. He 
works on the thermodynamics and ecology of 
human survival and energy supply schemes for 
humanity. Through his research and giving press 
interviews, appearing on international news sta- 
tions and lecturing around the world, he tackles 
the global debate on energy. 


Patzek’'s research involves the mathematical 
modeling of earth systems with an emphasis 
on multiphase fluid flow physics and rock me- 
chanics. He alSo works on smart process-based 
control of very large waterfloods in uncon- 
ventional low-permeability formations and on 
the productivity and mechanics of hydrocar- 
bon-bearing shales. e 
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Third annual SRI 





Uncertainty Quantification 


workshop held 


By the SRI7ZUQ team 


The third annual KAUST SRI Uncertainty Quantification (SRI-UQ) workshop was 

held January 6-9, 2015. Participants came from around the world to attend, includ- 
ing speakers Omar Ghattas (ICES, UT Austin), Hermann Matthies (Braunschweig), 
Youssef Marzouk (MIT), Fabio Nobile (EPFL), Mattias Sandberg (KTH), Christian Bayer 
(\/elerstrass) and Habib Najm (Sandia). 


The workshop featured 21 talks and included a session with 58 posters on core sub- 
jects for uncertainty quantification, as well as applications that included optimal ex- 
perimental design, data assimilation, inverse problems in oil recovery, CO2 storage, 
weather forecast, electro-magnetic scattering problems and sensor and commu- 
nication network design. The breadth of the application fields and the depth of the 
analysis presented indicate the growing impact of UQ in science and engineering. 


The SRI-UQ is coming to the end of its third year, and the workshop included a 
review of the SRI by an external board of experts headed by Najm and former SIAM 
president Prof. Mac Hyman. The board participated in the workshop and interacted 
with students, center members and workshop participants, providing scientific feed- 
back and sharing their extensive experience in managing research institutes with SRI 
and KAUST management. e 


1. The CEO of Suhool Systems, Inc. Majid S. Alsarhi (right) 
speaks with KAUST master's student Marwen Zorgui. 


2. Dr. Hakon Hoel (left) talks with and Professor Hermann 
Matthies. 


3. Professor Mac Hyman (center) and Dr. Kody Law 
interact during a poster session. 


4. Dr. Matteo Icardi (left) and Professor Jesper Oppelstrup 
take time out for a discussion. 
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New findings in 
alcohol combustion 
research 


By David Murphy 


Mani Sarathy, assistant professor and principal investigator 
of the Combustion and Pyrolysis Chemistry group in the 
Clean Combustion Research Center (CCRC), and his team 
documented the results of alcohol combustion in reactors, 
shock tubes, rapid compression machines and research 
engines in a paper entitled Alcohol Combustion Chemistry 
published in Progress in Energy and Combustion Science 
(do1:10.1016 /j.0€CS.2014.04.003) and In a book chapter on 
‘Biofuels from Lignocellulosic Biomass: Higher Alcohols.’ 
The group also studied the theoretical aspects of alcohol 
combustion chemistry and used this information to devel- 
op a model that simulates alcohol combustion. From their 
study, they were able to gather specific aspects of alcohol 


We were able to show how al- 
cohol combustion is very different 
than combustion of typical hydrocar- 
bon fuels and how these differences 
can be used to design better fuels 
for better engines.’ Mani Sarathy 


combustion to provide a better understanding of combus- 
tion in engines, including such factors as ignition quality, 
flame speed and emissions. The collection of experimental 
targets and semi-predicture models will help design more 
efficient internal combustion engines operating on alco- 
hols. 


Sarathy sat down with The Beacon to provide additional 
insight into what he learned from his findings, the challeng- 
es both he and his team encountered and what his team's 
findings mean for the future of alcohol combustion. 
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Could you describe the process and 
work that goes into creating a scientific 
paper like this? 


The paper took about 1.5 years to write up. We read 570 
papers on alcohol combustion dating back to the early 
1900s. Then we had to synthesize all existing knowledge 
to paint a clear picture of the current state of the art. We 
finally identified gaps that are in the literature and used 
simulations to predict how alcohols would burn at condi- 
tions that have never been tested before. 


What in your paper is previously undis- 
covered or undeveloped? 


One major development was the ability to predict a wide 
range of fundamental properties and emissions profiles 
arising from the combustion of all industry relevant alco- 
hols. The model had to include detailed knowledge of al- 
cohol pyrolysis and oxidation chemistry at the atomic level 
in order to reproduce available experimental combustion 








data. Once we had the model, we were able to show how alcohol 

combustion Is very different than combustion of typical hydrocar- 

bon fuels and how these differences can be used to design better 
fuels for better engines. 


How did CCRC help enable this intensive re- 
search? 


When you read 500+ papers covering a range of topics from 
quantum chemistry to experimental engine research, you need 

to be able to comprehend all that information and discuss it with 
experts in the field. The CCRC has expertise in virtually all areas of 
combustion research, so interactions with them were invaluable. 
In addition, the CCRC has a range of experimental capabilities 
(shock tubes, rapid compression machines, flame experiments, 
laser diagnostics, molecular beam mass spectrometers, etc.) 
which have all been used to interrogate alcohol combustion. Hav- 
ing access to all these facilities allowed me to really understand 
the literature and what the limitations of each study were. 


What was the most surprising finding? 


There is a relatively new phenomenon affecting high efficien- 

cy gasoline engines (downsized turbocharged spark ignition 
engines) called superknock. This phenomenon occurs when a 
fuel/air mixture ignites in the cylinder prior to the main spark fir- 
ing. The ignition kernel than grows into a flame kernel, eventually 
leading to a very heavy knock or super Knock that severely dam- 
ages the engine. We found that certain alcohols can significantly 
decrease super knock tendency due to their high resistance to 
autoignition and low laminar flame speed. These findings can 
help fuel blenders develop optimal fuels or additive packages for 
new high-efficiency gasoline engines. 





How much of an impact your paper will have 
in the alcohol combustion community and in 
the scientific community as a whole? 


Our work is expected to guide future research on experimen- 
tal and theoretical combustion research on alcohols. It will also 
enable fuel producers to identify the best alcohols needed for 
various engine applications. 


At KAUST we are trying to create a fundamental understanding of 
how engines can be improved using basic knowledge of how fu- 
els burn. Our simulations can inform producers and refiners about 
what the best fuels may be and how they can tailor their products 
to increase marketability in the transportation sector. 


We are also doing fuel systems and life cycle analysis to ascer- 
tain the economic and environmental sustainability of various 
fuels in their relevant combustion devices. These metrics are 
equally as important as the fundamental combustion metrics that 
we are studying. By synergizing combustion models with sus- 
tainability models, we can make informed decisions on what Is 
the best fuel to burn from a technical as well as an economic and 
environmental standpoint. e 


1. Mani Sarathy, assistant professor and principal investigator of the 


Combustion and Pyrolysis Chemistry group. 


Illustration: An artist's interpretation of the history of alcohol 
combustion. Image by Heno Hwang. 


Aala Abulfaraj is a doctoral student in the in the 
Center for Desert Agriculture's Genome Engineer- 
ing group. She was born and raised in Jeddah and 
earned her bachelor's degree in biochemistry 
from King Abdulaziz University. Before coming to 
KAUST, she received her master’s degree in cell 
and molecular biology from Troy University in Troy, 
Alabama, U.S. 





At KAUST, Aala researches new ways of optimizing crop 
yields in harsh environments. “My research interests are focused on de- 
veloping a highly efficient targeted genome-editing platform by synthetic 
site-specific nucleases. This genome-editing technology allows scien- 
tists to make precise genome modifications by generating site-specific 
genomic double stranded breaks,” said Aala. 





“Population growth requires serious research to grow healthy crops, deal 
with pests and produce enough food, she explained. “Targeted plant 
genome editing is expected to facilitate functional genomics and help 
discover, expand and create novel traits of agricultural improvements.” 


In her free time, Aala enjoys traveling and socializing with friends, and as- 
pires for the best for herself and her country. “My dream is to see world- 
class Saudi research centers that produce valuable scientific break- 
throughs that benefit the world,” she said. e 


Xiaolin Fan is a doctoral student studying earth 
science and engineering under Professor Shuyu 
Sun. Xiaolin focuses on studying the fluids 
present in petroleum. “We use mathematics 
and computer science to create and mimic the 
simulation of any given petroleum reservoir,” he 
explained. ‘Our end goal is to cut down on the cost 
of production of both oil and shale gas extraction.” 





Since moving to KAUST from Guiyang, China, Xiaolin has been impressed 
by the facilities and resources here. “KAUST is full of amazing professors 
and the accessibility to high-quality research journals and laboratory fa- 
cilities continually aids and progress my research, which in turn helps me 
broaden my academic goals,” Xiaolin said. 


In his spare time, Xiaolin enjoys the sporting facilities at KAUST. He lists 
badminton, basketball, jogging and swimming as his favorite pursuits. “A 
quiet campus along with the great diversity in the student and faculty 
population have been helpful in making new friends from all over the 
world and learning about all kinds of different cultures,” he noted. e 





16) THE BEACON | FEB 2015 


